This paper investigates the effect of industrial penetration (geographic concentration of industries) and internet intensity (the proportion of enterprises that use the internet) for Taiwan manufacturing firms, and analyses whether the relationships are substitutes or complements. The sample observations are based on 153,081 manufacturing plants, and covers 26 two-digit industry categories and 358 geographical townships in Taiwan. The
Introduction
With the arrival of the internet era, internet intensity by business enterprises has continued to increase in recent years. Furthermore, the proliferation of internet technology has a result enhanced the development of electronic commerce and online shopping. Internet technology has replaced long-distance non-electronic communications (such as communications and business travel), and has thereby reduced the costs of relaying information over long distances, making it easier for businesses to communicate with each other over long distances. Taiwan's overall industrial internet intensity (that is, the proportion of enterprises that use the internet) has increased from 62% in 2002, to 79% in 2003, and to 94.3% in 2010 . According to reports prepared by the Institute for Information Industry in 2008 1 , 2009 2 and 2010, the growth of the internet has been the increasingly rapidly in the manufacturing industry and distribution services. As internet intensity continues to develop and information is exchanged increasingly rapidly, the management information systems of businesses are becoming increasingly complete, to the extent that firms can use the internet to communicate and share information with other enterprises both directly and in real time. It is for this reason that businesses have lowered their costs of communicating and collecting information. Because of the increased convenience that the internet has brought in enabling firms to communicate with each other and in reducing the cost of transportation, as well as an abundance of resources that has further speeded up the exchange of information, the "distance" factor is clearly no longer as important as it was in the past. online purchases According to the 2009-2013 Global Competitiveness Report compiled by the 1 See http://www.find.org.tw/market_info.aspx?n_ID=7068 2 See http://www.find.org.tw/market_info.aspx?n_ID=7095 World Economic Forum, Switzerland, the state of cluster development for Taiwanese industry was ranked first in the world for three consecutive years from 2006 to 2008, with Taiwan being hailed as a model for the development of global innovation and industrial clusters. Despite its ranking falling to 6 th and 3 rd in the following two years, the state of its cluster development enabled Taiwan to receive a score of 5.5 (out of a possible maximum of 7) in 2014, thereby regaining its leading position in the world. As for the pattern of spatial distribution of Taiwan's industrial clusters, the northern region is characterized by "electronics technology industrial clusters", the central region by "precision machinery industrial clusters", and the southern region by "electrical machinery industrial clusters". Each of the industrial clusters is well-developed (Schwab and Sala-i-Martin, 2009 , 2010 , 2012 .
In previous research literature, many scholars have focus on R&D and new technology (Audretsch and Feldman, 1996；Bertscheck and Fryges, 2002; Chang and Oxley, 2009 ) and also sone scholars have examined the relationship between internet intensity and urbanization economics (Forman et al. (2005a, b, c) , as well as a link between computers and productivity (Atrostic and Nguyen, 2005) but there have been quite few researches on the relationship between internet intensity and industrial penetration. Moreover, when we consider that the total expenditure on internet intensity, an actual figure is observed only if the firm is use the internet that will cause the problem of sample selection. For this reason, the purpose of this paper is to include the effect of sample correction and examine whether a relationship exists between penetration (Geographic concentration of industries) and internet intensity, and further to look at the factors determining the extent of the internet's influence. Following this Introduction, the literature on the influence of the factors related to internet intensity is reviewed in Section 2. In Section 3, we introduce the selection bias model and Heckman's two-step efficient estimation. A description of the sample and variables follows in Section 4. This is followed by the empirical results in Section 5, and the Conclusion in Section 6. Forman et al. (2005a) proposed three related theories to the relationship between internet technology and urban penetration, namely, (1) global village theory, (2) urban density theory, and (3) industry composition theory. The Global village theory suggest that the new network technologies would help break down the barriers between individuals and groups. Internet technology can make up for the disadvantages faced by manufacturers due to their being located far away from the city's center of economic activity, and for this reason there is a substitutionary relationship exists between the adoption of internet technology and urban penetration.
Firm's Internet Intensity and Geographical Concentration
The urban density theory suggests that as the density and scale of urbanization increase, the costs borne by manufacturers using internet technology will be reduced.
In other words, if the manufacturer is located in the city center, a reduction in the cost of using internet technology will increase internet intensity, so that a complementary relationship exists between the adoption of internet technology and urban penetration.
The industry composition suggests that when the density and scale of urban areas increase, the benefits that manufacturers derive from using the internet will increase.
Before network technology began to be widely used, manufacturers had already decided where to locate their activities, and large numbers of manufacturers that used information-intensive technology industry tended to agglomerate in a certain area. Such firms were inclined to locate their operations in urban areas, so that the demand for the internet was greater in these built-up areas. That is to say, the demand for the internet increased with the scale of urbanization. For this reason, a complementary relationship exists between the intensity of internet technology and urban penetration. Forman et al. (2005a) use U.S. data to examine the relationship between internet intensity and urbanization and find that when the number of manufacturers in leading industries in urban areas increases, this will cause internet intensity in such regions to increase, indicating that the use of the internet will be enhanced as the scale of urbanization increases, that is, a complementary relationship exists between internet intensity and urban penetration. Later, Forman et al. (2005b) compare the influence of the location of enterprises and industrial penetration on internet intensity for the information intensity and the information-producing manufacturing industries and find that in the areas in which manufacturers are located, the larger the scale of industrial penetration, the more that the manufacturers use the internet. A similar result from U.S. businesses data from Kolko (1999) also indicated a complementary relationship between the internet intensity rate and the scale of urbanization.
An alternative investigation on information technology-related manufacturing industry in the U.S. (computer and peripheral parts manufacturing, semiconductors and other components manufacturing) and information technology-related service industries (software publishing, computer systems design and related services). Kauffman and Kumar (2007) test three hypotheses: (1) internet intensity reduce the market linkages; (2) whether the effects of internet intensity on market linkages will be the same for IT-related industry and information technology-related service industries;
and (3) whether the effects of these market linkages in urban and non-urban areas will be the same. Their results indicate that internet intensity will lead to a reduction in market linkages and that the internet effect will be less pronounced in urban areas than in rural areas. However, the effect of internet intensity in terms of the extent of its impact on IT-related manufacturing and information technology-related services is not significantly different. Galliano and Roux (2008) used a French manufacturers' sample survey data for the year 2002 to examine the behavior of firms in the e-commerce industry in terms of their use of "Information and Communications Technology (ICT)." Their empirical research indicates that for those manufacturers located in the countryside, the extent to which they used the internet was lower than that for their counterparts in the urban areas.
Moreover, for those industries for which there was a higher degree of penetration, the less that the manufacturers used the internet, which exist a substitutionary relationship between the extent of internet intensity and penetration. Lal (1999) uses survey data for the year 1994 to investigate the factors affecting the manufacturers' use of the internet for India manufacturing industry. Based on the extent to which the sampled firms used IT technology (IT), Lal grouped the manufacturers into (1) manufacturers without technology, (2) manufacturers with a low level of technology, (3) manufacturers with a medium level of technology, and (4) manufacturers with a high level of technology, and referred to four categories of factors that affected internet intensity: (1) the characteristics of entrepreneurs, which included the managers' qualifications and their ability to understand R & D, and the degree of importance they attached to product quality and market share, (2) international orientation (the extent to which products were imported and exported), (3) human capital, and (4) the manufacturers' scale of operations. The empirical results showed that the education of managers, the scale of the manufacturers' operations and R & D had a significant and positive impact on the use of the internet. Moreover, Lal (1999) emphasized that the rapid growth of internet technology and information technology had increased the demand for skilled labor in developing countries, thereby making small and medium-sized enterprises more globally competitive. Bertschek and Fryges (2002) used sample survey data for German companies in both the services and manufacturing industry sectors for the year 2000, and examined the factors affecting the degree to which manufacturers decided to use B2B (business-to-business) internet technology. They categorized the intensity of internet technology by manufacturers according to whether they (1) had not used B2B internet technology,
(2) had used B2B internet technology, and (3) had extensively used B2B internet technology. They used factors which had been deemed in the past literature to have affected the manufacturer's adoption of new technologies, including the scale of the manufacturer's operations, the age of the plant, human capital and international competitive pressure, as well as variables that had not been considered in the earlier literature, such as electronic data interchange (EDI), which can be regarded as a precursor to B2B electronic commerce, and the bandwagon effect or herd behavior, and so on. Bertschek and Fryges (2002) found that the scale of the manufacturers' operations, the quality of staff and the degree of openness to international markets had a significant and positive impact on the extent to which manufacturers used B2B internet technology; that the probability that manufacturers that had used EDI technology in the past would extensively use B2B technology in the future was extremely high; and that the more that other manufacturers within the same industry used internet technology, the greater the likelihood that they themselves would use new technologies. Giunta and Trivieri (2007) looked into the factors determining the use of information technology (IT) by SMEs (Small and Medium-sized Enterprise) in Italy's manufacturing industry. Using sample survey data for 17,000 small and medium-sized firms covering the period from July 2001 to February 2002 and by focusing on the extent to which the manufacturers used information technology (IT), they categorized the manufacturers into those that: (1) did not use information technology, (2) had low use of information technology, (3) had medium use of information technology, and (4) had high use of information technology. They found that the factors that significantly affected the manufacturer's use of information technology included the scale of the manufacturer's operations, the geographical location of the plant, the training provided by the manufacturers for their employees, the extent to which they engaged in R&D, the amount of outsourcing that took place, and the extent of cooperation with other manufacturers. Galliano et al. (2011) used survey data on French manufacturers for 2001 and 2002 and discovered that using the internet to co-ordinate and monitor the company's branch network within particular sectors was an important factor affecting the manufacturer's use of information and communications network technology. Therefore, the distance between the enterprise's head office and branch units and the geographical dispersion of the enterprise's branch units significantly affected the extent to which manufacturers used information and communications network technology. In addition, the more that enterprises within the same industry or geographical area used internet technology, the greater the contagion effect resulting from the internet technology, with there being a significant positive impact on the extent to which the enterprises used the internet.
These empirical results lend support to the theories put forward by Mansfield (1963a Mansfield ( , 1963b and Saloner and Sheppard (1995) .
As research literature above, many researchers focus on the problems associated with internet intensity related to urbanization, but with few studies looking into the relationship between industrial penetration and the extent to which firms use the internet. Therefore, this article will focus on the issue of internet use and industrial penetration.
Heckman Selection Model
Manufacturing firms may make decisions to use the internet and to purchase raw materials and components on line simultaneously, possibly leading to sample selection bias. Some enterprises that purchase online are a subset of manufacturing firms, forming a non-randomly selected sample from manufacturing firms, so that observations on the amount of internet purchases taken, and the corresponding firm specific characteristics, are available only for those who use the internet to purchase raw materials and components. Therefore, a manufacturing firm that uses the internet to purchase raw materials and components on line has a different preference structure from a non-user.
In order to draw conclusions about the larger population of all manufacturing firms in Taiwan, and not just the subpopulation of manufacturing firms from which the firm reports the internet purchase data are taken, the Heckman (1979) two-stage estimation procedure for a continuous decision variable can be used to incorporate the amount of internet purchases and the decision to join internet purchases (Lewis 1974; Heckman 1976 Heckman , 1979 . This method assumes the decisions to use the internet and purchase raw materials on line are made simultaneously (that is, the error terms of the two equations are correlated). It is assumed that zero observations represent the decision not to use the internet to purchase materials, so no individual firm is observed at the standard corner solution. Therefore, the demand curve for the internet purchaser is established only over manufacturing firms that have reports of internet purchases online.
All non-users are assumed to not want to use the internet purchase mechanism, so firms that do not use the internet will not influence the demand curve for purchases online (Blaylock and Blissard, 1992) .
In order to correct the problem of selection bias, this paper use Heckman selection model (Lewis 1974; Heckman 1976 Heckman , 1979 ，which assumes that there exists an underlying regression relationship, as given below: In the equation (3), the selection equation is estimated by maximum likelihood (for details, see Maddala, 1983) as an independent probit model to determine the decision to join using the available information. However, Heckman's (1979) two-step estimation procedure is usually used for both the selection mechanism and regression model estimations. The first step estimates the selection equation by maximum likelihood to obtain an estimate of γ in equation (3) and compute 8 9 : = ∅ < = Φ < = ⁄ and ? 9 : = λ A λ A − < = . The second step estimates the regression equation by least squares to obtain estimates of β and β B = # . Green (1981 Green ( , 2003 provides the statistical proof for consistency of the estimators of the individual parameters # and σ (see Greene, 1981 .
The mean and variance of the incidentally truncated (or sample selection) bivariate normal distribution are given as equation (4) and (5) 
where
The regression equation with observed data can be written as equation (6):
where the disturbance υ is heteroscedastic.
Least squares regression of on x and λ would give a consistent estimator, but if λ is omitted, then the speciation error of an omitted variable is committed (Green, 2003) . The marginal effect of the regressors on in equation (6) is given as equation (7):
The full marginal effect of the regressors on in the observed sample consists of two parts: (i) the direct effect, which is ^_, and (ii) the indirect effect, which is
] δ α c . Suppose # is positive and E[ ] is greater when z * > 0 than otherwise. As 0 < ? < 1, for a particular independent variable, if it appears in the probability as z * > 0, then it will influence through 8 , and reduce the marginal effect (see Green 2003, p.783).
As shown above, the vector of inverse Mill's ratios (estimated expected error) can be generated from the parameter estimates. The level of intern purchase, y, is observed only when the selection equation equals 1 (that is, when a firm uses the internet) and is then regressed on the explanatory variables, x, and the vector of inverse Mill's ratios 
Data and Variables
In order to reflect the use of the internet by manufacturers from a geographical dimension, we use census data for Taiwan's manufacturing firms obtained from the Directorate-General of Budget, Accounting and Statistics (DGBAS) for 2006. Our sample comprises a total of 153,081 manufacturers that may be broken down into 26 items (at the 2-digit SIC level) and 212 items at the (at the 4-digit SIC level) 5 . The scope of coverage includes the island of Taiwan and the Penghu archipelago, there being a total of 358 urban and rural areas. The 26 industries associated with the 2-digit code and numbers of firms are given in the Table 1 .
Since there are different ways of calculating industrial concentration in the literature, we use two of the more common indices to measure the degree of industrial concentration, namely, the Herfindahl-Hirschman index (HHI in short) and the top fourfirms' concentration ratio (CR4). The concept of the degree of industrial concentration is further extended to the estimation of industrial penetration, in which case we use the Geographical Herfindahl-Hirschman index (GHHI) as a proxy variable for industrial penetration. The formulae for the degree of industrial concentration and the geographical concentration index may be simply explained as follows:
(1) Herfindahl-Hirschman index (HHI): The degree of industry concentration is used to measure the extent of the competition faced by an industry. The HHI for industry j is calculated as follows:
where s f : the market share of firm i in industryｊ, and n is the number of firms in
The HHI is obtained by dividing the individual manufacturer's sales by the total sales of the industry in order to arrive at each manufacturer's market share, which is then squared. The advantage of the HHI is that the manufacturer's market share serves as a weight, with smaller manufacturers being given smaller weights, and larger manufacturers being given larger weights. The lower that the HHI value is, the lower is the degree of concentration in the industry; the higher the value, the higher the degree of industrial concentration.
(2) Top Four-firms Concentration Ratio, (CR4 in short): CR4 is the weighted average of the market shares of the top four-firms in an industry. The formula for calculating the index for industry j is as follows:
where s f : the market share of firm i in industryｊ and s f ≥ s f for all o < o′.
(3) Geographical Herfindahl-Hirschman index (GHHI in short): This is the Herfindahl index (HHI) for industrial market concentration together with a geographical concept that reflects how firms are dispersed within a particular area. The formula for calculating the index is as follows:
where y f_ : the ratio of the number of firms in industryｊin region k to the total number of firms in industry j , M is the number of regions in industryｊ, { = 1,2,3 … |.
When xdde f is close to 1, this means that the firms within the industry are more geographically concentrated; when xdde f_ is close to 0, this means that the firms within the industry are more geographically dispersed. The advantage of xdde f is its simplicity of calculation. Its shortcomings include the following: (1) As it is necessary to obtain the market share of an industry for each firm, it is not easy to acquire the data.
(2) If the xdde f is not part of a neighborhood messaging system, it is not possible to reveal the differences brought about by being either closer or further away, or to reflect the spatial correlation for different economic activities; all one can do is indicate that economic activities are unevenly distributed.
(3) xdde f can only reveal the spatial concentration for a single industry, without taking into consideration the spatial distribution characteristics for all industries as a whole.
In accordance with earlier literature in section 2, we select those factors influencing manufacturers' use of the internet, including industrial characteristics The group with independent operations is a control variable for firm characteristics.
When group=1, this indicates that the manufacturer is an independent operating unit.
When group=0, this refers to the manufacturer having branches (subsidiaries).
Computer expenditure 1 (computer1) refers to the manufacturer having itself incurred expenses as well as capital expenditure on investment in computer equipment.
Computer expenditure 2 (computer2) refers to the total expenditure on computer equipment by other manufacturers within the same industry and same area after deducting the expenditure on computer equipment by that particular manufacturer. The computer2 variable is used to measure the contagion effect for the internet technology within a certain area. Table 2 shows variable definition and Table 3 represents the statistical description of explanatory variables.
As described in the section 3, we use Heckman two-stage estimation procedure to obtain the estimates of parameters of the sample selection model which is specified as equation (8):
where is the ratio of total expenditure on internet use to total sales of firm i (intensity of internet use) and ε is the disturbance. HHI f is the Herfindahl-Hirschman index for the industry j that firm i belongs to, and, export_rate is export intensity for firm i, xdde f is the Geographical Herfindahl-Hirschman index for the industryｊin region k that firm i is located to, o€ is dummy variable indicating that the firm's geographical location, when city = 1 if firm i is located in the city, city = 0, otherwise. !ƒ• €""1 is the cost on buying the computer equipment for firm i, and !ƒ• €""2 is the total cost on computer equipment within the same industry and same area, but deducting the expenditure on computer equipment of firm i itself.
The variable " computer2 " is to capture the contagion effect for the internet technology in the same area and industry. The variable " ‡o&" " is to capture the firm's characteristics. The λ is obtained from the select equation which is given as equation (9): Table 4 shows the correlation coefficients for each variable. In addition to the correlation coefficient between "~•!"€ and (dde f and rs4 f ) and ‡o&" being greater than 0.1, the correlation coefficients between each of the other variables are less than 0.1, reflecting the low degree of correlation between the various variables. In the next section, we report the empirical results based on Heckman two-stage estimation.
Empirical Results
The Column 2 of Table 5 and Table 6 reports the Heckman two-stage estimation for equation (8) which estimates the factors affecting the extent to which manufacturers use the internet after correcting for sample bias. The Table 5 reports the results with HHI as the proxy variable for the degree of industrial concentration, while the Table 6 reports the results with CR4 as the proxy variable for the degree of industrial concentration instead. The Column 3 of both Table 5 and Table 6 gives the coefficient estimate for the select equation for equation (9), which is estimated by probit regression.
In order to enhance the efficiency in estimation, we also use bootstrapping methods to estimate the variances, both with and without bootstrapping standard deviation are reported in the Tables 5 and 6. The 2-digit industry dummies are included in the empirical model to control heterogeneity, for saving space, we do not report each of coefficient estimate of 2-digit industry in the tables.
Our empirical result shows that regardless of whether the bootstrapping method is used or not, a nonzero Mill's lambda (β B ), reject the statistical hypothesis that β B equal zero at the 1% level of significance, indicating that sample selection bias should be taken into account into the model. In order to make the empirical results easier to read, we first present the results for whole manufacturing industry and then second present the results for individual 2-digit industries.
For the whole industry, we will firstly summarize the results of selection corrected equation of firm's internet use for the factors influencing the extent to which manufacturers use the internet and also marginal effect of explanatory variables, and then we summarize the results of selection equation for the factors determining manufacturers to use or not adopt the internet for their business.
The regression model with selection corrected for all industry:
The coefficient of dde f is positive (but insignificant) in the Column 2 of Table 5 , while the coefficient of rs4 f is positive and significant in the Column 2 of Table 6 , respectively. These indicate that higher degree of industrial concentration increase firms' expenditure to internet use. The coefficient of "~•!"€ is positive but insignificant in the Column 2 of Table 5 and Table 6 respectively, indicating that the export intensity has no statistical impact on the expenditure of firm to internet use.
The coefficient of xdde f shows negative and significant in the Column 2 of Table 5 and Table 6 , respectively, indicating that the lower the level of the industrial penetration, the greater the extent to which the manufacturers will use the internet. The coefficients of o€ show a positive and significant effect in the Column 2 of Table 5 and Table 6 , respectively.
The coefficients of computer1 show a positive but insignificant effect in both the Column 2 of Table 5 and Table 6 . These indicate that the manufacturers' expenditure on computer equipment has not statistical impact on the expenditure of firm to internet use. The coefficients of computer2 show a positive but insignificant effect with bootstrapping standard deviation in both the Column 2 of Table 5 and Table 6 . These indicate that the manufacturers' expenditure on computer equipment within the same industry and region has no statistical impact on the expenditure of firm to internet use.
We further calculate the marginal effect of equation (8) (also eq. (7)) and report the marginal effect in the Table 7 . The Column 2 of Table 7 gives the industrial marginal effects with dde f as the proxy variable for the degree of industrial concentration, while the Coulun 3 of Table 7 gives the industrial marginal effects with rs4 f as the proxy variable for the degree of industrial concentration respectively.
For the dde f variable, the marginal effect is -0.0902 for the Column 2 and -0.007 for the Column 3 in Table 7 . For example, the figure -0.0902 means when the degree of industrial concentration rate increase by 1, the extent to which manufacturers use the internet reduce by 0.0902%, indicating that the lower the degree of industrial concentration, the greater the extent to which manufacturers use the internet. Not surprisingly, there are differences between the marginal effect of dde f and rs4 f on the extent to which manufacturers use the internet, as we had described in the section 4 that dde f takes into account all firms in an industry, use manufacturer's market share as a weight, with smaller firm being given smaller weights and bigger firm being given bigger weights, while rs4 f is only consider the weighted average of the market shares of the top four-firms in an industry. However, our findings of industrial concentration agree with those of Galliano and Roux (2008) and Galliano et al. (2011) who used French manufacturing industry data.
For the "~•!"€ variable, the marginal effect is (0.2708, 0.2963) for the Column 2 and the Column 3 in Table 7 . For example, the figure 0.2708 means when the export intensity is increased by 1, the extent to which the manufacturers use the internet will increase by 0.2708%.
For the xdde f variable, the marginal effect is (-0.0245, -0.0133) for the Column 2 and the Column 3 in Table 7 . For example, when the industrial penetration is reduced by 1, the extent to which the manufacturers use the internet will increase by 0.0245%.
That is to say, there exists a substitutionary relationship between the extent to which the manufacturers use the internet and the level of industrial penetration, a result that accords with the results obtained by Kauffman and Kumar (2007) who used U.S.
information technology-related manufacturing and service industry data, and Galliano and Roux (2008) who used French manufacturing data. The result confirms that the popularity of the internet is such that the distance factor is no longer so important, that is, the internet has overcome the problem of distance between manufacturers.
It is worth noting that for the dummy variable o€ , the marginal effect is (-0.0051, -0.0062) for the Column 2 and the Column 3 in Table 7 . For example, manufacturers who are located in the city areas will use the internet to -0.0051% lesser than those who are located in the county areas. In other words, manufacturers who are located in county areas will use the internet to a greater extent than those who are located in the city areas. These results also confirm empirical finding by Forman et al. (2005) and Kolko (1999) , in that a complementary relationship exists between internet intensity and urbanization.
We now continue to present the Column 3 of Table 5 , and Table 6 that show probit estimations, as given by equation (9), which estimate the factors of whether manufacturers will use or not use the internet for their business.
Our empirical results show no matter HHI or CR4 was used as the proxy variable for the degree of industrial concentration, the coefficients of dde f and rs4 f are negative and significant at 1% level of significance in the column 3 of Table 5 and Table   6 . These indicate that the more competition that the manufacturers face, in order to increase their ability to compete with other manufacturers, the more that they will be inclined to use the internet for business.
Export intensity is also an important factor for affecting the manufacturers' use of the internet. The coefficients of "~•!"€ is positive and significant at 1% level of significance in the column 3 of Table 5 and Table 6 . This is not surprised that the more that manufacturers rely on exports, the greater their export intensity, and the more that they need to use the internet to communicate with overseas customers.
The coefficient of the geographical location, o€ in the column 3 of Table 5 and Table 6 show a negative and significant effect on manufacturers use or not use the internet for their business. This result suggests that manufacturers who are located in the county areas will be likely to use the internet for business than those who are located in the city areas. However, this result is contrast with the empirical results of coefficient of o€ in the column 2 of Table 5 and Table 6 , which suggest the manufacturers who are located in the city will expend more money on the internet use than firms in the county.
The coefficient of manufacturer's scale of operations, ‡o&" shows a positive and significant probability of manufacturers to use the internet for their business. It is not surprised that the bigger firm will be likely to use the internet for business. Also a positive and significant coefficient of '"! • , which suggests that manufacturers with independent operations will be likely to use the internet for business than those who do have subsidiary (branch). It is not surprised that as Taiwan largely consists of manufacturers with independent operations, the likelihood of such manufacturers using the internet is relatively high.
While the impact of the degree of industrial penetration on the manufacturers' use of the internet is not significant in the column 3 of Table 5 and Table 6 , the effect on the extent to which manufacturers use the internet is significant and negative in the column 2 of Table 5 and Table 6 , indicating that the extent of the industrial penetration does not affect whether or not the manufacturers will use the internet, but it will affect the extent to which manufacturers who already use the internet.
The regression model with selection corrected for two digit industries:
In this section we only report the Heckman two-stage estimation with HHI as the proxy variable for the degree of industrial concentration and marginal effect for two digit industries in the Table 8 and The effect of the geographic location, o€ show manufacturers who are located in county areas will use the internet to a greater extent than those who are located in the city areas for traditional industries such as (08) Food Manufacturing, (09) Beverages.
On the contrary, traditional industries such as (15) Pulp, Paper and Paper Products and technology-intensive industries such as (31) Other Transport Equipment shows manufacturers who are located in city areas will use the internet to a greater extent than those who are located in the county areas. In the following paragraph, we will present the probit estimation, as given by equation (9), which estimates the factors of whether or not manufacturers adopt or not adopt the internet for their business across 2-digit industries and the coefficient estimates also be shown in the Table 8 .
The effect of the degree of industrial penetration (xdde f ) in terms of whether or not manufacturers will use the internet shows different across 2-digit industries. As for traditional industries such as the (8) (22) Plastic Products, when the degree of the industrial concentration increase, manufacturers will be more inclined to use the internet. On the contrary, in the case of traditional industries such as (08) Food, (12) Wearing Apparel and Clothing Accessories, (13) Leather, Fur and Related Products, and basic industries such as (25) Fabricated Metal Products, when the degree of the industrial concentration decrease, manufacturers will be more likely to use the internet.
The effect of "~•!"€ is important for affecting the manufacturers' decision to use the internet for many of 2-digit industries. In the case of traditional industries such as Rubber Products, when the degree of export intensity increase, manufacturers will be less likely to use the internet.
The coefficient of ‡o&" shows a positive effect for affecting the manufacturers' decision to use the internet for most of 2-digit industries. Also the coefficient of '"! • shows a positive and significant effect on manufacturers' decision to use the internet for most of 2-digit industries.
In the following, we will present the total marginal effect of each of the explanatory variables on the extent to which the manufacturers use the internet for the individual 2-digit industries in In the following paragraph, we will present the marginal effect as given by the equation (8) (also eq. (7)). In terms of industrial penetration (xdde f ), among traditional industries, the largest value is 2.3761 for the (09) Beverages, while the smallest is - 
Conclusion
In this paper, we use Taiwanese manufacturing census data compiled by the Directorate-General of Budget, Accounting and Statistics of the Executive Yuan for the year 2006, to examine the factors influencing the extent to which manufacturers use the internet. When we consider that the total expenditure on internet intensity, an actual figure is observed only if the firm uses the internet that will cause the problem of sample selection (selection bias). In order to correct the problem of selection bias, this paper use Heckman selection model and two-stage estimation procedure to obtain the estimates of parameters of the sample selection model.
In order to improve the effectiveness of our estimation, we further use bootstrapping approach to estimate the sample variance, our empirical results show that regardless of whether we use the bootstrapping approach, the Mill's lambda test statistic significantly reject null hypothesis that β B equal zero at the 1% level of significance for the aggregated full industry and 7 out of 26 industries significantly reject null hypothesis that β B equal zero at 10% level of significance, indicating the problem of the sample selection bias should be corrected. Our conclusions are as follows:
(1) The manufacturer's decision to use the internet is influenced by five factors, namely, the degree of industrial concentration, export intensity, geographical location, the manufacturer's size of operations, and the independence of operations. As Taiwan largely consists of manufacturers with independent operations, it is not surprised that the likelihood of such manufacturers using the internet is relatively high and the manufacturers' independence of operations having the greatest impact. The second most influential factor is the manufacturers' export intensity, indicating that the more that manufacturers rely on exports, the greater their export intensity, and the more that they need to use the internet to communicate with overseas customers.
The third most influential factor is the degree of industrial concentration. The more competition that the manufacturers face, in order to increase their ability to compete with other manufacturers, the more that they will be inclined to use the internet. Our empirical results also show that manufacturers who are located in the county areas would be likely to use the internet for business than those who are located in the city areas, and the bigger firm would be likely to use the internet for business than smaller size firm. However, the impact of the degree of industrial penetration on the manufacturers' use of the internet is not significant.
(2) The extent to which manufacturers' use of the internet is primarily influenced by three factors, namely, the degree of industrial penetration, geographical location, and the contagion effect. While the impact of the degree of industrial penetration on the manufacturers' use of the internet is not significant, the effect on the extent to which manufacturers use the internet is significant and negative, indicating that the extent of the industrial penetration does not affect whether or not the manufacturers will use the internet, but it will affect the extent to which manufacturers who already use the internet will use the internet. Our results seem to suggest there exists a substitutionary relationship between the penetration of localization and the extent to which manufacturers use the internet, indicating that internet technology has overcome the "distance" factor, so that the distance factor is no longer so important.
( (4) The more competitive the industry, to increase their competitiveness manufacturers will increasingly need to use the internet to communicate and trade with other entities. Our findings agree with those of Galliano and Roux (2008) and Galliano et al. (2011) who used French manufacturing industry data. (8) Industries with a higher degree of export intensity and with a greater reliance on exports will have a higher degree of internet intensity among those manufacturers that use the internet. Our results indicate that as the exports of export-oriented industries such as (08) Food (7) 27.53 (7) 3.48 (7) 15.84 (7) 17.80 (7) 19.65(7) 5.97(7) 36.82 (7) 10.16 (7) 10.78 (7) 11.61 (7) 8.59 (7) 24.98 (7) 42 (7) 10.64 (7) 56.58 (7) 30.65(7) 5.68 (7) 42.45(7) 156.24 (7) 47.75 (7) 30.84 (7) 21.73 (7) 30.94 (7) For saving space, we did not present (17) Petroleum and Coal Products industry and (34) Repair and Installation of Industrial Machinery and Equipment in the both Table 8 and Table   9 , some coefficients of explanatory variables were not able to get the estimate for the correction regression model, so in the both Table 8 and Table 9 , we do not present (17) and (34) industry for saving some space. 
